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@ A reclrculallng gas separator (35) for a sutimerslbld wait pump (12) includes a rotary gas separator (44) for 
separating liquid to tja directed to the pump (12) from a gas. The asparator {44} inciudes a separating chamber 
{46)» a well Ruld inlet '{AS) upstream of Itie separating chamber (46), and a liquid disctiarga outlet (50) 
downstream of the separating chamber {46)» A redrculebng system (56) recirculates a portion of the ilcfuld 
discharged fonn the discharge outlet (SO) back to the separating chamber (49) so that a gas-to-liquid ratio in the 
separator (44) Is subslanUeHy lower than a gas-to-llquld ratio of well fluid entering ih© wei! fluid inlet (45). Thus, - 
the submersible we)) pump (12) with the reclrcuiating gas separator (3B} can successfully pump waits havmg 
subslaniially higher gos*to-liquid ratios than can be accomplished with prior devices. 
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GAS SEPARATOR FOR SUBMERSISLE PUMPS 

+ 

The present Invention relates ganerally to llie production of llQuids from wells, and more particularly to 
gas separators for separabng gas from a m]\ fluid before the we)! t?uid fs pumped by a submersible wsll 
pump. 

One difficulty encounlersd with submersible well pumps Is that if iha fluid being pumpad contains an 
excessive amount of gas, ttie pump performance will deteriorate end ultimaleiy a gas lock wfll ocojr which 
completeiy stops the pump from pumping. Barly attempts ^ resolving this problem Included reverse flow 
type gas separators such as that shown in U, S. Patent No. 2t525»239 to Miller. 

A somewhat similar, more recant device is shown in- U. Patent No, 4.676,308 to Chow et al. 

Irs recent years various manufacturers of electric submersible pumps have developed rotary gas 
separators whicln' have e5q3anded''t^ of electric subrnersibie'pumps \6 Includa weHs which 

produce sumcienUy large volumes of gas to render them unpumpable using earlier technology such as 

reverse flow type gas separates 

A typical state of ma art etectrtc submer^hle pump rotary gas separator Is illustmted In U. S. Patent No. 
4,4B1 ,020 to Lee et al. The gas separ^r of Lea et ^l incKides a charging mechanic vyhi<^ Initiates axia! 
f!Qw» a separation chamber In which a high anargy vortax Is developed, and a flow diverting chamber which 
routes the centriftiged liquids from the pstlmeter of the separator Into the aye of the first stage^ of the 
submersible well pump and routes the separated gas from the central area of the 'separator to exit porta 
through which it is venlad into a well casing annuius. 

Another typical such cantrifogal gas separator is shown in S. Patent No, 3,BB7,342 to Bunnelle. 

An ^cla in the Joufna) of Patrolaum Tachnoiogy. June, 1982» entitled •'Gas Separator Performance for 
Submersible Pump OperatlotT' by Lea and Bea/den demonstrates that rotary gas separators are capable of 
removing sssentlaily all gas from flow streams thai contain up to about 30% gas by volume at pump 
suclion conditions. Reld experience has shown that electric submersible pumps equipped with rotary gas 
separators can be operated dependably on now streams containing up to approjdmalely 65% gas by 
volume at pump suction condiUons. As the percentage of gas increases above this level, pump peffomnance 
detsnarates rapidly and a gas lock Is likely to occur. 

The present inven^on provides a rotary gas separator for separating a weli fluid Into a Hquld and a gas. 
The separator Includes a separating chamber, a weli fluid inlet upstream of the separating chambar. and a 
Kqwd discharge. outlet downstream of the separating chamber. A means Is provided for recirculating a 
portion <rf the Hquld discharged from the dischainge outlet back to the separating chamber so that a gas-to- 
liquid ratio Iri the separator means is eufastantiaRy lower than a gas-to*ilquld ratio of well fluid entering the 

welHIuid inlet ^ . ^ .i. 

■ The result of bypassing or recirculating a portion of the liquid exiting tt*o separator te to reduce the 
to-nquid ratio entering the separating chamber thus increasing the mexlmum gas4o*liquid ratio of the 
incoming well fluid which can be effectively processed by the separator without passing significant amounts 
of gas into the liquid stream axJUng the separator. This increases the wall fiuid gas^to^-llquid ratio which can 
be pumped by the submersible wall pump v/ith the recirculating gas separator. 

Numerous objects, features and advantages of the present invention will be readily apparent to those 
sldDed in the art upon s reading oF the foibwing eocemplary disclosure v/hsn fallen In coniunctlon with the 
accompanying drawings. 

FIQ. 1 Is an elevation, cross section partially sc^smetic illusiration of a lypicaJ prior art rotary gas 

separator. 

RG, 2 is an elevation section schematic lilustration of an electric submer^bie wail pump With the 
recirculating rotary gas separator of She present Invention, 

FIGS. 3A-3B comprise an slsvaSon section partially sci^amaiic illustraiion of the submersible pump and 
recirculating gas separator of R6. 2. 

FIG. 4 is a horizontal cross-seclional view lakon along line 4-4 of RG. 3B. 

FIG. 5 Is a horizontai cross-sectional view taken along Una 5'5 ol RG. 3A 

RQ. B Is a graphical presentation of head versus rate curves fw the elacWc submersible pump and the 

recirculating pump. 

FIQ. 7 Is a graphical Illustration of the head versus rate curve for the recirculating pump aid Uie head 
loss versus rate curve of the external recirculating conduit 

RG, 1 ntustraies a typical prior an rotary gas separator slmiiar to that shown in U. S. Patent No* 
4,481,020 to Lee et al. The prior art separator Is shown in an elevation cross-section view and Is designated 
generally by the numeral 10, An electric submersible pump 12 Is schematically illustratsd In phantom ilnes 
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above saparaior 10, A seal unit 14 and an elscHc moiof 16 are schematiDally illusirated holovt the 
separator 1 D. 

A drive shaft 18 extends from motor 16 upward throt^h'ths separ^torlQ to the pump 12 for cfrlvlng ^e 
separator 10 and the pump 12. II wHI be understood thst the shaft 1B Is actually a series of sha^ segments 

5 splined together. 

The separator 10 [ncludes a piyraJity of well fluid fnlets 20 which draw in wefi iluJd, a charging section 
S2 which inlUates generally axial upv/ard flow of the well fluid, a separation section 24 in which a high 
energy vortex is developed thu5 separating the upward flowing well fluid Into a genarall/ centrally located 
gas stream and an annular gensrally radially outwardly located liquid streami anci a tlow diverting section 26 

iQ which routes the centrlfuged liquid through a passage 26 to a discharge outlet 30 communicated with pump 
12» and which routes the separated gas ftm the a&nixzl area of the separator to exit ports or vent ports 32. 

V\i^ have detemnlned that the limitations pravfously encounteiBd wJth pnor art cemrJfugal gas s^aralcrs 
are due to physit^i constraints presented by the structure like that shown in FIG. 1. The velocities of the 
separated fluids in the upward axial direction within the separator 10 cannot be individually changed, and 

75 lha sBparated gas and liquid streams must have approximately the same a)dal velocity component, other 
than for minor effects of buoyancy* viscosity and gas expansion. Therefore, the cross-sectional flow areas of 
lh8 separated gas and liquid streams do not vary signtficanlly with vertical poslOon within the separation 
chamber, and are fMroportlona) to the volumetric percentages of the respective phases. As the percentage of 
gas becomes sufficiently largei its flow area wHI expand radially to (he point that gas enters the annular flow 

2D area 34 of the flow diverting section £3 that is intended far liquid flow, and thus Oie gas will begin flowing 
through the passage 26 to the outlet 30 in unacceptable proportfons. 

We have detemnlned a means for slgnriicanlly Increasing fhe volume pemantage of gas in a weli fluid 
stream which can be separated by a centrifugal separator without passing significant amounts of gas Into 
the liquid stream directed to the submersible pump. This Is accomplished by exlracb'ng a portion of the 

25 . liqui'd- stream exiting the separator, and blending that extracted portion of the liquid stream with well fluid 
■ entering the separatorr thereby reducing a volume percentage of gas in the blended Jiquld entering the 
separation chamber* 

- The improved gas separator apparabJS Is shown schematically in FiG. 2, and in ejevstlon parti^ly 
' sectioned detail in the enlarged view of FIGS. 3A and ZB. The gas separator apparatus, which can be 
so retenred to ss a recirculab'ng gas separator apparatus is generally designated by the numeral 36. 
■ ■ ■ The recirculating gas separator apparatus 36 is shown schemaUcaliy In 2 connected to an electric 
submersible pump 3B located within a well AO defned by casing 42. 

The recirculating gas separator 36 Includes a rotary gas separator means 44 for separating liquid to bo 
directed to pump 38 from gas. The separator means 44 Is best shown in F16S. SA'^B, and Includes a 
35 ^paraiing chamber 46, a plurality of wall fluid inlets 43 located upstream of separating chamber 4B» an 
annular liquid discharge outiet 60 focated downstream of separating chamber 46, and a gas vent S2 located 
downstream of separating chamber 46 for venting gas into the well annutus 54 (see FIG. 2). 

The recirculaUng gas separator app^^s 38 also includes a recirculaiing means 56 lor redrculaGng a 
portion of the liquid dlschtargad from discharge outlet SO back to the separating chamber 46 so that a gas- 
4D lo*iiquid ratio In the separator means 44 Is substantialiy lov/er than a gas-lo-liquid ratio of well fluid entering 
the well fluid Inlets 48, 

The recirculating means 56 includes a recirculating pump means 58 for pumping liquid from the 
discharge outlet SO to the submersible well pump 12 or 3B, 

The reclrculallng means 56 also Includes a iiquld extraction chamber means 60 for extracting a portion 
45 of the liquid disdiargad by the reclrculaUng pump means 58 before said liquid reaches the submersible 
pump 12, 

The recircul^ng means 55 further includes a liquid injection chamber means 62 ior injecting said 
portion of said liquid Into said separator means 44 upetream of ihe separating chamber 46. 

The recirculating means additionally includes conduit means 64 for conducting said portion of said 
so liquid from said liquid extracUan chamber means 60 to said liquid injection chamber means 62L 

The liquid injeclion chambgr means 62 Is preferably located upstream of the well fluid Inlets 4a as 
shown in FIG. 38, but could also function if located downstream of wen fluid Inlets 46. 

The liquid extraction chamber means 60 Is located above the iBdrouiating pump means 58. The 
recirculating pump me^s 58 Is located above the sep^or means 44. The sepmtor means 44 Is located 
55 above the Uqutd Infection chamber means 62. . ' 

A drtvd motor 6B Is located below the liquid Injection chamber means 62, with a seat means 68 being 
located between the drive motor 66 and the liquid Injection chamber means 62. The cMve motor 66 has a 
drive shaft means 70 extending upward therefrom for driving the separator means 44, the recirculating 
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pump means 68, and the submerslblD wall pump 12, II wHl be understood that shaft maans 70 win typically 
inducie a series of coupled sl^ segments. The submer^ble weli pump ia pumps Squid upwardly Ihrough 
producUon tubing 72 to Ihe earth's surface. 

Thr separator means 44 includes a separator housing 74 having a Qwarally cyfindrical cuter surface 76 

s best seen in FIG. 4, A posslblo form of the conduit moans 64 Includes a plurality of conduits 84A through 
64F oriented generally parallel to a longitudinal axis 78 of housing 74 aid secured against the cyOndrica! 
outer surface 7B by means of a band 80, An aUemale conduit means could incliKJs one large SlattenBtf tube. 
The conduits 64A through B4F ars surrounded by a conduit gu^ B2 at those iocatians where bands such 
as SO are placed about the conduit BAA through 64F, 

70 A motor extension lead 84 (see FSQ, 4) is connected to lha motor 66 and extends upward along the 
separator 3S and pump 12. Above pump 12 Ihe lead 84 Is spiined to a round cable which extends along the 
production tubing 72 to ihe earth's surface where It Is connectad to a ^urce of etectncai power. The motor 
extension lead 84 Is also secured against the cylindrical outer surface 76 of separator housing 74 by the 
bands such as 80. A flat cable guard QB sunxiunds extension lead ,84 at those locations where the bands ao 

IS surround the extension lead 8*. 

As seen in FIG. 4. the conduits 64A through 64F are preferably tocaiad adjacent the motor extension 
lead 84 to maximise clearance of the recirculaBng gas separator apparatus 36 within the well casing 42, 

The liquid extracfion chamber means 60 includes a generally cyiMrical extraction chamber housing 88 
having m extractfon chamber 90 defined therein. The housing 88 has a lower end 92 wi«i an annular 
20 extraction chamber Intel means 94 defined therein for directing liquid which Is pumped by recirculating 
pump means SB from tiie liquid discharge outlet 50 of separator means 44 to the extraction chamber 90. 

The extracyon chamber housing SB has an upper end 96 with an annular extraction ci^bsr outlet 
means 98 defined therein for directing liquid from the extraction chancer 90 to the sirlwTiersiblo well pump 

25 * The extraction chamber housing 8B has an extracBon port means 1(30 defined therein for extr^ng the 
portion ot liquid flowing through extraction chamber 90 which is to bs recirculated through conduit means 
64. 

The extraction chamber means 60 further includes a deflection means 102 extending Into the extraction 
chamber 90 for deflecting said portion of said ikiuld toward the extraction port means 100. As best seen in 
3D HG. 5, the deflection means 102 is a ledge which covers approximately one-half the circular cross-sectionai 
area of the extracOon chamber 90, A bora 104 tiiroogh ti^s ledge 102 conlabis a' bearing means 106 for 
suporting the drive shaft 70 which extends downwanJ from tiie submersible pump 12 through the extraction 
chamber means 80. 

The liquid injection chamber means 62 includes a gensrally cylindrical Injection chamber housing 108 
3s having an injection chamber 110 defined therein. 

The injection chamber housing 108 has an iniection port means 112 defined therein for injecting satd 
portion of s^d flquld which is recirculated through conduit means 84 into the iniection chamber 110. The 
injecUon chamber housing 108 has an upper end 114 with an annular injection chamber outlet means 116 
defined therein for directing $aid portion of said liquid Irom said Injection chamber means 62 to the 
40 separator means 44: 

The injection port means 112 Is directed generally downwardty as seen In Fia 38. Tlie liquid Injection 
chamber means 82 further Includes a deflection means 118 for deflecting liquid from the Injection port 
means 112 generally upward into the injection chajnber 11Q. 

The deflection means 118 Is constructed similar to Ihe defiectlon means 102 of FIG. 6, and has a bore 
45 therethrough carrying a bearing means 120 for the shaft 70. 

As seen in RG. 3B, the separator housing 74 has a lower end 122 with a recirculation inlet means 124 
defined tiierein fbr directing said portion of said liquid from said liquid InjecUon chamber means 62 of said 
recirculating means ^ Into sakJ separation chamber 46* 

THe separator housing 74 Is made up of an upper separator housing sKnIon 126. an intermediate 
50 separator housing section 12B, and a lower separator housing section 130i 

• ■ The well 1luld Inlets 48 are located in liie lower separator housing section 130. 

A spider support 132 Is located in ihe lower end of intermediate separator housing section 128 and 
includes a plufallly of spokes such as 134 extending Inward to an annular collar 136 having a bore therein 
which cames a bearing 138 for the shaft 70. 
55 As best seen in FI6. 4, between the spoiras 134 iheie are three flow openings 140 id permit the upward 
flow of wbH fluid and recirculated liquid into the separation chamber 46. 

In the separation chamber 46» a helica! blade 142 which can be described as a charging means 142, 
initiates upward generaily axial flow of well lluld and recirculated liquid. 
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Then, a plurality of straight radially oriantdd blades 144 which can aJso ba dascnbed as a vortsx 
generating means 144 generate a high energy vcrlsK In tha upward flowing fluid for thus separating the fluid 
radlaity into a centrally located gas stream and an annular radfaliy outwardly located liquid stream. 

The helical blade 142 and straight blades 144 are integrally consiructed and are keyed to the shaft 70 
so that they are rotated by ths shaft 70 within ^e separator housing 74. 

Then, an annular divider wait 148. which can be describad as a llow di\/erting means 146, djracts the 
annular liquid stream into an outsr annular space 146» and directs the centraily located gas stream into a 
centrally located annular space 160 which flows around the shaft 70. 

The liquid stream flows from outer space 14B thmugh passages like 162 to the annular liquid discharge 
70 outlet 50 whdch leads to rodrcuiating pump means 5&< The centraily located annular spBce ISO leads the 
central gas sfrearn through passages Dke 154 to gas vents 52. 

It IS noted that to sirnplify con^rucilmi the liquid injection chamber means 82 an;i ths separator means 
44 could be combined Into one unit having a commort housing. Similarly, tha recirculating pump means SB 
and the liquid extraction chamber means 60 could be combined. 
IS The reclrculaiing pump means 58 pumps the liquid from the discharge outlet 50 of separator means 44 
through the extraction chamber 30 to the submersible well pump 12, As previously mentioned, a porlton of 
that liquid is extnaicted from extraction chamber 80 and redrculatad through the recirculating conduit means 
64* 

Since the recirculating pump means 5d mi^t pump all of the fiuld which is ulllmabely pumped by the 
20 main electric submersible pump 12, plus all of the fiuld v^lch is recirculatsd, the recircuiafir^ pump means 
58 should have a significantly higher fldw at its operating point than does the submersible well pump 12 
at its operating point 

The recircula?3ng pump means 53 preferably is a centrifugal pump which may be composed ot as few 
as one or two stages. 

25. FIG. B Is a graphical iliustratiDn of the head versus rate curves for the main submersible well pump 38 
. and for the mcirculating pump 58. Curve 156 represents the perfomiance cun^e for Uie main submersible 
waif pump SB. As will be understood by those stdllsd in the art, a centrifugal pump has a curve like curve 
156 along which Ui9 pump opamtes. As the cHscharge head against which the pump must pump Increases, 
. . the flow rata at which the pump can pump fluid decreases. The main pump 38 will have a preferred 
30^ operaling range Preferably the pi^mp 38 win be operated at the point on curve 15B known as the best 

efficiency point (BEP) 160 having a conesponding flow rate 161» 
' i'^, -r- Similarly, the redrculating pump means 5a will have an operaUng curve 162 wiih a prefao'ed operating 
range 164, The recirculating pump means 58 should be chosen so that it operates at an operaUng point 166 
somewhere within its preferred operating mnge 164 at a flow rate 167 substantially greater than the flow 
as rate, of the main pump 3& when main pump is operating at Its best efficiency point 150. 

in FIG. 7, the performancexurve 162 of recirculating pump SB has been reproduced to a different scale. 
Also displayed in FIQ, 7 Is a curve 168 which represents the head loss through the fluid conduit means 
64 for various flow rates. 

The rate of recirculation of liquid through conduit means 64 equals the pumping rate 167 of the 
40 recirculating pump means 58 minus tiie pumping rate 161 of the main pump 38, and is governed by the 
head loss through the external recirculating conduit means 64. 

At its operating point 160, the main pump 38 is operating at How rale 161 noted on the horizontal axis in 
FIGS. 6 and 7. A1 its oparadng point 166. the recirculating pump means 58 is pumping at a flow rate 167 
. also Indicated on the horizontal axis of FIGS. 6 and 7. It is noted ti^t the scale of the vertical axis in FiG. 7 
45 has been modified as compared to RG* 8. 

Flow data tor one possible size* namely Q.5 inch diameter by 0.049 Inch wall ^icknes^ radrcula^ng 
tube 64A is summarised in the follcri^ng Table I. This date was calculated assuming an effeciiva tube length 
of six feet it may be observed that flow rates ranging from 160 to 336 barrels per day result in head losses 
ranging from ten to fifty feet. Rates much in excess of 336 ban-els per day would probably be undesirable 
so for the x 0.043" tubes because of eroslonsl effects, 
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TABLE I 



FLOW CHAiyVCTERlSTXCS OF A SIIjTGIiE 





0.50'* X- 0.049" 


TUBE OF 6' LENGTH 




Head 

Loss 
Feet 


Velocity 
(Pt/Sec) 


Flow 

(BBl/Day) 




10 


11.074 


150^:2 


87.5 


20 


15.661 


212.4 


123, 7 


30 


ig.iBi 


260.2 


151. 5 


40 


22.149 


300 U 


175.0 


50 


24*763 


335.9 


195.6 



^Constant in the equation - c/Vf^ 
25 from API RP 14B^ API Recommended 

Practice for Design and Installation 
of Offshore Production Platform Piping 
Systems, 4th Edition API (April 15, 1984), 
page 22, paragraph 2«5(a), 
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For this particular size tube a Slow rate of 300 barrels per day. resulting .In a head loss of forty feel, 
would b8 a good design point. Thus, if appfosdmately 1500 barrels per day Is to be bypassed, a minimum 
■ of five tubes such as conduits 64A, 64B, etc. would be required. The actual operaUng point 166 ot the 
35 recirculation pump 5B would be determinsci by the intarsaction of Its head versus rate curve 162 wilh-Oie 
conduit head loss versus rate curve 1 68 as lIluslratBd In FIG. 7, * 

The result of bypassing liquid is to reduce the volumB percent gas entering the rotary separation 
chamber 46, thus shming the point at which separator efilciBncy begins a significant decrease and the point 
at which wells become unpumpabfe. This penmlts pumping higher gas/Hquld ratio v/ells. The volume percent 
40 gas entering a conventional rotary gas separator (sudi as separator 10 of FIG, 1)' and ent^nng a 
recirculating gas separator (such as separator 36 of RQS. 3A-3B) Is expressed In Ecpjations 1 and 2, 
respeciivaly. One source for the formation volume factors used In these equations Is Standing* M. 
CiifiQld Hydrocarbon Systems^ Relnhold Publishing Corp., New York City (1952)* 
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so 



% Gas - -1- WOR Equation ! 



% Gas » 



'(B^p r g^.)IQO Equation 2 

4. WOR + IVU„) 



55 where* 

/So a Formation volume factor at pump Inlet conditions of oli and dissolved gas {bbl, per bbL of 
stock tank o!i). 

= FoimatJOrt volume factor at pump intat conditions of oil, dissolved gas and free gas (bbL per 
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bbl, of stock tank oi)), 
WOR =t Wafer 01! Ratio Ijabl producsd water per fabf. of siock tank oil). 
Of - Rale of raclrculaifon ^biyday), 

= Oil producing rate of wali {stock tank bbUday). • 
In this exampls. assume the data shown in the following Table 11 as being representativa of the well: 

TABLE II 

Oil Gravity 4Q*» API 

Gas Gravity 0.9 
Producing BHP at Pump inlet 600 psia 

Water Cut 75% (WOR of 3) 
75 Bottom Hole Temperature 140* 



JO 



In it^ exampid, it 1$ assumed Ih^ the maximum volumetric percent gas that can be tolerated m the 
separation chamb^ of eltiier (he pdor^art separator 10, or the separaUon chamber 46 of separator 96 of the 
20 present invention is &5%* it Is also assumed that the data presented in -the above^lted reference, Standing, 
^- ^" Qjj^gtcl Hydrocarbon Systamg* Reinhpid Publishing Corpn New York City (1852) fs valid for the wail 
under consideration. 

The problem then Is to doten^iine the maximum GOR and 6LR at which the well can be produced with 
jhe convsntlonai mtary gas separator 10 and with the reclrcuJalJng gas separator 3B of the present invenHoni 
as n Whor^: 

. -60R » Gas Oil Ratio {ecf/bbi» of stock tanl< oil}. 
'^QUR 6b3 liquid Ratio (scfybbl. of stock tank oil pkis water). 

It can be determined from Chart 3 of Standing, M. B.: ^Ifieki Hydrocarbon SystemSi Relnhoid 
Publishing Corp., New York City (1952), that j^o etliJals 1,116. Then, setting Equation 1 equal \o 65%, it can 
30 be determined that ^zp equals 8.76. With this vafue» it is detemiined from Chart 1 of Standlngr B.: 
Ollffgid Hydrocarbon Systams, Relnhoid Publishing Corp., New York City 0352). that ^60R equals 2O0O 
.yjscf/bbi. Then, It can be detemiined that: 
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GliR = GOR/ (WOR -f 1) = 500 scf/bbl. Equation 3 



Then, seUIng Equation 2. equal to 65% for^e reclrculalEng separator 36, we get the following Equation 

4: 

40 



m > m 



% Gas = (g-zo" V-^°° - Equation 4 

45 

Arbitrarily selecting a Tedn:ulat]ng pump 58 v/hlch will pasvide a recirculating flow rate through conduit 
means 64 twice the bottom hole liquid producing rale ol well fluid entering well fluid Inlets 43, we have: 

so 

Qr " 2 Qos ( So ^^^^ Equation 5 



55 

^r/Qos = ^( Bo + W^^) Equation 6 
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Subelttuting this expression for Q^Qp, mto Equation 4 reduces to: 

"^2? = 2^*0^ ' Equation 7 

Then from Chart 1 of Standing, B.: Olliialrf Hydrocarfaon Systems, Reinhold Publishing Corp,. Now 
York aty'(i952), we obtained GOB ^ 5400icf?ba. Than, we determine GLR for the reclrculatlag separator 
means 36 as followe: 

ro 

GLR = GOH/(WOR ^ 1) « 1350 scf/bbi. Equation 8 

IS Th9 foregoing example Illustrates the ability of the recirculating separator 3B to handle considerably 
faroer volumes of gas than the conventional rotary gas separator 10. Seleclion of f^f cu^^^"9 P^mP 58 
having a recrrculetlng flow rate through conduit means 64 t^v(ce the rale ot production of well fluids Into well 
fluid Inlet 48 provided an increase in GLR from 500 scl/bbL to 1350 scf/bbl. Selection of an even higher 
volume rectrcutallns pump 58 v«uld havB further Increased the gas handling capacity of the reclrcuialng 

20 gas separator 36. , . j 

TTius. it is seen that the apparatus and methods of the present invention readily achieve the ends and 
advantages mentioned as m\\ as those inherent therein. While certain prefeired embodimente of the 
Invention have been illuslraied and described for purposes of ti^a present disdosure, numero^ changes in 
the arrangement and constriictlDn of parts and steps may be mads by those stdlted tn ths art which 

as changes are encompassed within the scope of the present invention as defined by the appended claims. 

Claims 

1. A gas separator apparatus for a submersible well pump, ccmprising: 

^ a rotary gas separator means for separating- Ikjuid to be directed to ^id pump from S^s, said sja^tcr 
means Including a separating chamber, a well Huid inlet upstream of saJd separating chamber, and a 
liquid discharge ouUet downstream of said separating chamber: and ■ . 

recirculating means for recirculating a portion of the liquid discharged from said discharge ou et back 
to said SBparBting chamber so that a gas-lo^iquld ratio In said separator means Is substantially lower 

35 than a gas-toHlquld ratio of well fluid entering said well fluid inlet 

Z The apparatus of claim 1 . wherein said TBcircuiaUng means comprises: 

a- recirculating pump means for pumping liquid from said discharge outlet to said submersible well 

40 EJIif extraction chamber means for extracting a portion of the liquid discharged by said recirculating 
pump means before said liquid reaches said submersible well pump; 

liquid injecl^Qn chamber means for injecting said portion of said liquid into said saparaior means 
upstream of said separa^ng chamber and 

conduit means for conducting said portion of said liquid from said liquid emclion chamber means to 
45 said liquid Injection chamber means, 

3, The apparatus of claim 2, wherein: 

said liquid ihieclion chamber means is located upstream of said well fiuid Inlet of said separator means. - 

4 The apparatus of daim 2 or 3» wherein: 

said liquid extraction chamber means Is located above said recirculating pump means; 
said recirculating pump means Is located above said separator means: and 
^d separator means is located above said liquid Injection chamber means. 

55 5. The apparatus of claim 2,3 or 4. further comprising: - 

a drtve motor located below s^d liquid iniection. chamber means and having a dnva shaft r^eans 
extending upward therefrom, for drivh^g said separator means, said radrcuiaUng pump means, and said 
submersible wail pump, 



so 



8 



BfJSOCClD. <EP. 



,0437070AIJ_> 



EP a 437 070 A1 



6, The apparatus of any of cJaims 2 to S, wherein: 

said separator means rnctudos a housing having a generaUy cyimdncaf outer surl^e: and 

said conduit means Includes a pfuraJity of conduils onented generally parallel to a tongKudtnaf axis of 

$a!d housing and secured against said cylindiical outer surface of said housing. 

£ 

7» The apparatus ol claim 6^ further comprising: 

a drive motor located bslow salt! liquid Injection chamber means and having a drive shaft means 
extending upward therefrom, for driving smd separator means, said recirculaling pump means, and said 
submersible well pump; 

70 a motor extension lead connected to said motor and secin'ad against said cyllndnca! outer surface of 
said housing; and 

wherein said conduits are located adjai^nt said motor extension lead to maximize cfearancd of sMd gas 
separator apparatus within a wall casing, 

IS a The apparatus of any of cl^ms 2 to 7, wherein said liquid extiadmn chamber means comprises: 

a generaliy cylindrical extraction chamber housing having an extraction chamber defined therein* having 
a lower end with an extraction chamber Intat means defined therein for directing liquid from sa3d liquid 
discharge outlet of said separator means to said extraction chamber, having an upper end with an 
extraction chamber outlet means- defined therein for directing liquid from ssJd extraction chamber to 

50 said submersible wall pump^ and having an extfaction port means defined in said housing for extracting 
said portion of said liquid to be r8dn;:u^ed. 

9» JhB apparalus of claim 8, wherein said extraction chamber means further comprises: 
. deflection means extending Into said extraction cJiamber for deilacting said portion of said liquid toward 
2S said extraction port means. 

10. The apparatus of any of claims 2 Id 9, wherein said extraction diamber means further comprises: 
bearing means 'for supporting a drive shaft extending downward from s^d submersible weii pump 
; through said extiaction chamber means. 

■4.1* The apparatus of any of claims 2 to 10» wherein said liquid injection chamber means comprises: 

a generally cyilndrlcal injaclion chamber housing having an injection chamber defined therein, having 
an injaclion port means defined in said housing for injecting said portion of said liquid Into said Injection 
chamber, and having an upper end with an injection chamber outlet means defined therein for directing 
35 . said portion of said liquid from said Injection chamber to said separator means, 

12. The apparatus of claim 11, v/hereln: 

said injection port means Is directed generally ctownwardly; and 

said liquid Injection chamber means further includes deflection means Iot dellsctlng liquid from said 
40 Injection port means gBneraily upward into said Injection cfiambar. 

13. The appai^tus of any of claims 2 to 12. wherein said injection chamber means further comprises: 
bearing means for supporting a drive shaft extending downward from said submersible well pump 
through said injection chamber means. 

14. The apparatus of any preceding claim, wherein; 

said separator means Includes a housing having a lower end with a racircuiailon Inlet means definad 
therein for directing said portion of said liquid from said recirculating means into said sepau^iing 
chamber. 

60 

15. The apparatus ot claim 1, wherein said recirculating means further comprises: 

a generally cylindrical extmction chamber housing having an extraction chamber defmed therein, having 
a lower end with an extractkia chamber inlet means defined therein for directing Oquld from said liquid 
discharge outlet ot said separator means to said extraction chamber^ having an upper end with an 
55 extraction chamber ouUat means definad therein for direc6ng liquid from said extraction chamber to 
sEu'd submersible well pump, and having an extraction port means defined in said housing fc»r exfracting 
said portion of said liquid lo be recirculated. 
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tti The. nnnar-.hi*5 ftf riaim i5 whsrein said redrculailng means further compiisBs: 

S^S meani awning chamber tor deltecOng said por8an of said l^d toward 

said extraction port maans. 

17. -me appBratuB qC claim 1. 15 or 16. wherain said raclrcuiating means further comprises: 
a genwraSly cylindrical tn]ectlon chamber housing having ar. tnjechon chamber f '"^."^ J' ffj"^ 
L^ta^Z ^rt Lans daSiiisd in said housing for Inlectlng said portion of said liquid into said Injeoaon 
« LKr» Wacaor, Chamber ou«et maans daflnad thamin for diracling • 
said portion of said iiquld from said fnlBOion chambar to saJd separator means. 

18. The apparatus of claim 17, v^ereln: . 
means gsnsrally upward into said inlection chamber. 

20. Tbe apparatus of any pracadlng claim, wherein: 

SuTsa^raBng saw wall fluid radially irrto a centrally located gas steam and an annular radially 

SSSri^trnS'said Wd st^am to said s«.a well pump and (o, dirac^ng 
said gas streani to a vent to a well annulus. 

so pump. 

SlSSiCp"— . >^ « " 

submarablB weB pump has at Its operating point 
23. A method of pumping liquid from a weB producir^ ««« fluids hairing a gas-lo-IMd ratio. comprisinB^ 
(a) cantrifugally separating said well Hold Into a liquid and a gaa with a separator located do«nhote In 

40 SdreSng said separated liquid toward an Inlet of a submersible well pump: 

te( racvcBno a Donion of said separated liquid to said separator, and 

(S?SdS aSeclIve gas-to^quld ratio in said separator substantially lower than a gas-to-Hquld 
ra!Io of said well fluid pnor to separailon. 

^5 24, The method of claim 23, further comprising: 
venting said separated gas into a well annutus. 

25 The meUiod of claim 23 or 24, v/herein said 3l9p {a) further comprl^^^ 

(3) (1) miUaiing upward genaraUy axiaJ (low of wall fluid In said separaton 
Bn a m aenDra^ng a high anargy vortex in said upward Oowlng waU Ould; and 

§|- said wefl im radiaily mto a centrally located gas straam and m annular radially 

oirt-wardly tocalad llqutd stream, 



55 



. ^ r I- , fttK^ seoaralDr of the typ© which inlekes a well fluid stream Into a 

^;Son iS—gys^pSr wSl nrstream ,n s.d sepa^Uc chamber into a 

SaSr,^: 3.d we,, flu'J ---2^^ - be separated W ^ 

Saralor without passing signtJioant amounts of gas into said llquri stream by: 
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extracting a portion of said liquid slream; 

blending said extraclBrf porilon of said Hquid stream wth said well fluid stream; and- thereby 
reducing a volume percanlags of gas antering said separation chamber. 
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